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IMPLANT HAVING A SHAFT AND A HOLDING ELEMENT CONNECTED 
THEREWITH FOR CONNECTING WITH A ROD 

Field Of The Invention 

The invention relates to an implant to be used in spine 
or trauma surgery, the implant having a shaft and a holding 
element connected therewith for connecting with a rod, 
wherein the holding element comprises a recess having a U- 
shaped cross section for receiving the rod and two free legs 
at one end which have an inner thread and a closure element 
for fixation of the rod inserted into the U-shaped recess, 
the closure element comprising an outer thread cooperating 
with the inner thread of the legs. 

20 Background Of The Invention 

EP 0 614 649 Bl describes a polyaxial bone screw with a 
receiver member with a nut to be screwed onto the receiver 
member for securing a rod. 

If the thread of the receiver member and of an inner 
screw is a metric thread, force components in radial direc- 
tion of the cylindrical receiver member occur when screwing 
in the inner screw, which could cause splaying of the legs 
of the receiver member resulting in a loosening of the inner 
screw. 

Implants are known which employ only an inner screw for 
fixation of the rod, whereby a specific shape of the thread 
is provided for reducing the forces acting radially outward 
35 when screwing in. For example, US 5,005,562 describes an im- 
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plant having a receiver member, wherein the shape of the 
thread of the receiver member and the inner screw is formed 
as saw tooth thread, whereas WO 00/27297 describes the use 
of a thread with a negative angle of the load flank. 

5 

Such implants that have thin side flanks of the re- 
ceiver member, however, encounter a problem when using only 
an inner screw for fixation without an additional securing 
via a nut to be screwed on or a cap covering the legs of the 

10 receiver member at the outside or a ring or the like. The 

problem is illustrated by means of Fig. 7, which shows sche- 
matically a polyaxial bone screw similar to that shown in EP 
0 614 549 Bl, but without the external cap or nut. As shown 
in Fig. 6, there is a screw element 101 having a spherical 

15 segment -shaped head 102, which is held in a receiver member 
103 having a U-shaped recess for insertion of the rod 100. 
A pressure element 104 acts upon the spherical segment - 
shaped head 102 and, for fixation of the rod and of the 
head, an inner screw 105 with a metric thread is provided 

20 which can be screwed into the receiver member 103. At the 
time of final tightening of the inner screw with high 
torque, the inner screw tilts about the rod support surface 
or rotates about the rod such that a torsional force acts 
upon the legs of the receiver member distorting the same 

25 against each other. This results in an asymmetric splaying 
and deformation of the thread receiving parts resulting in 
the possibility that the inner screw can slide out of the 
lower right and the upper left turn shown by a circle in 
Fig, 7, respectively, and the respective turn may be 

3 0 skipped. 



To avoid this, the inner screw should be tightened with 
reduced torque which, however, impairs the retention force . 
Further, the problem also can be reduced, if a wall of the 
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receiver member is very thickly dimensioned, which is, how- 
ever, an obstacle to the requirement of a compact implant 
design. 



5 The problem of tilting of the inner screw at the time 

of final tightening which has been described is independent 
from the form of the used thread. 

It is desirable to provide an element of the type de- 
10 scribed which allows a reliable fixation of the rod and at 
the same time makes a compact design possible. 

Summary Of The Invention 

The present invention provides an implant having a 

15 shaft (1) and a holding element (3; 30) connected therewith 
for connecting with a rod (100) , wherein the holding element 
(3; 30) comprises a recess having a U-shaped cross section 
for receiving the rod and two free legs (7, 8; 32, 33) at 
one end which have an inner thread (9; 34) and a closure 

20 element (20; 36) for fixation of the rod inserted into the 
U-shaped recess, the closure element comprising an outer 
thread cooperating with the inner thread of the legs, 
wherein, at or in the holding element (3; 30), a securing 
device is provided which limits a tilting of the closure 

25 element about the rod at the time of final tightening of the 
closure element. 

Alternative embodiments of the implants of the present 
invention further comprise one or more of the following fea- 
30 tures : 

the securing device is formed by a support surface (12; 
37) for cooperation with a section of the lower side of the 
closure element (20; 36) facing the rod; 
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the distance (A) between the bottom of the U-shaped re- 
cess to the support surface (12; 37) is smaller than the di- 
ameter (D) of the rod; 

the distance (A) is smaller than the diameter (D) by an 
5 amount of approximately 1% to 7.5% of the diameter (D) ; 

the securing device is formed as a projection (37) pro- 
vided at the inside of the free legs (32, 33) of the holding 
element (30) ; 

the shaft (1) and the holding element (30) are con- 
10 nected monoaxially, preferably formed in one piece; 

the shaft (1) has a head (2) at one end being polyaxi- 
ally connected to the holding element and wherein a pressure 
element (10) acting upon the head is provided for fixation 
of the angular position and wherein the securing device is 
15 provided at the pressure element (10) ; 

the pressure element (10) comprises a U-shaped recess 
(14) corresponding to the recess of the holding element (3) 
and wherein the securing device is formed by the free edge 
(12) of the legs (15, 16) formed by the recess; 

20 

the distance (A) from the bottom of the U-shaped recess 
to the free end (12) of the pressure element is smaller than 
the diameter (D) of the rod; and/or 

the inner thread of the legs (7, 8; 32, 33) and the 
25 outer thread of the closure element (20; 36) is formed as 
metric thread or as saw tooth thread or as thread having a 
load flank having a negative angle or as a flat thread. 

The construction of the implant in accord with the pre- 
30 sent invention is suitable, not only for polyaxial bone 

screws but also for monoaxial bone screws or hooks and is 
suitable for all forms of threads used for the receiver mem- 
ber and the inner screw. Implants in accord with the pre- 
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sent invention are particularly advantageous for use with a 
rod having circular cross section. 



The invention also provides a method for fixing a rod 
5 relative to a bone. The method comprises providing an im- 
plant as described above, connecting the implant to the 
bone, positioning the rod in the implant, and fixing the rod 
in the implant. In embodiments where the implant is a 
polyaxial screw, the method further comprises adjusting the 

10 angular position of the polyaxial screw element relative to 
the holding element and adjustment of the rod. In other em- 
bodiments where the implant is a polyaxial screw preferably 
comprising a screw element having a head with a recess in 
the head, the method further comprises assembling the screw 

15 elements and holding member of the implant, inserting a 
pressure member into the holding member, screwing the 
polyaxial screw into the bone using a driving tool that 
drives the screw by means of the recess in the head, and af- 
ter positioning the rod, fixing the rod by tightening the 

20 closure element in the holding element. 



In certain preferred embodiments, the fixing step in- 
cludes tightening of the closure element by applying strong 
forces to tilt the closure element about the rod until 
25 stopped against further forward movement by the abutment . 

Further features and advantages of the invention will 
become apparent to those skilled in the art from the de- 
scription of embodiments and the accompanying Figures. 

30 

Brief Description Of The Drawings 

Fig. 1: is an elevational view, partially in section, 
of a first embodiment of the invention in 
which the inner screw is not yet tightened; 
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Fig. 



is an elevational view, partially in section, 
of the first embodiment in which the inner 
screw is tightened; 



Fig. 3: is a schematic elevational representation of 
the pressure element in relation to the rod 
for the first embodiment; 



10 Fig. 4: is an exploded view of the first embodiment; 

Fig. 5: is an elevational view, partially in section, 
of a second embodiment of the invention in 
which the inner screw is not yet tightened; 



15 



Fig. 6: is an elevational view, partially in section, 
of the second embodiment of the invention in 
which the inner screw is tightened; 



20 Fig. 7: is a schematic elevational view of a conven- 

tional polyaxial screw with inner screw at 
the time of final tightening of the inner 
screw. 



25 Detailed Description Of The Invention 
Including preferred Embodiments 

In the embodiment shown in Figures 1 to 4 an implant 
according to the present invention is formed as a polyaxial 
screw comprising a screw element having a threaded shaft 1 
30 with a bone thread (not shown) and an integral spherical 
segment -shaped head 2. The head 2 is held within the re- 
ceiver member 3 . The receiver or holding member 3 has at 
its one end an axially symmetric first bore 4, the diameter 
of which is greater than that of the thread section of the 
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shaft 1 and smaller than that of the head 2. Further, the 
receiver 3 comprises a coaxial second bore 5, which is open 
at the end opposite to the first bore 4 and the diameter of 
which is sufficiently large that the screw element can be 
5 passed through the open end with its threaded section going 
through the first bore 4 and with the head 2 held in a sec- 
tion 6 between the bottom of the second bore 5 and the first 
bore 4. The small coaxial section 6 is provided adjacent to 
the first bore 4 and is spherically shaped towards the open 
10 end of the second bore 5, wherein the radius of the spheri- 
cally shaped section 6 is substantially the same as that of 
the spherical segment -shaped section of the head 2. 



The receiver or holding member 3 further comprises in a 
15 conventional manner a U-shaped recess 3' arranged symmetri- 
cally with respect to the center of the part for accommoda- 
tion of the rod 100, the bottom of which is directed towards 
the first bore 4 and by which the two free legs 7, 8 are 
formed. In a region adjacent to their free end, the legs 7, 
20 8 comprise an inner thread 9 which is formed in this embodi- 
ment as a metric thread. 



Further, a cylindrical pressure element 10 is provided 
having a first end 11, which faces the head 2 in a state 

25 where the pressure element is inserted into the receiver 3, 
and with a second end 12 opposite to the first end. The 
outer diameter of the pressure element is slightly smaller 
than that of the bore 5 of the receiver member, such that 
the pressure element is able to slide into the bore 5, i.e., 

30 it is displaceable in bore 5 towards the head 2. 

The pressure element 10 further comprises at its first 
end 11 a spherical segment -shaped recess 13 enlarging to- 
wards the end, the radius of which is selected such that the . 
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pressure element partly encompasses the head 2 when it is 
inserted into the receiver. 

Further, the pressure element 10 is provided with a U- 
5 shaped recess 14 at the second end 12 opposite to the 

spherically- shaped recess 13, thereby forming two legs 15, 
16. The dimensions of the U-shaped recess 14 of the pres- 
sure element are such that the recess forms a channel in 
which the rod 100 can be inserted. As illustrated in Fig. 2 

10 and particularly shown in Figures 1 and 3, the depth A of 

the U-shaped recess 14, as seen in direction of the cylinder 
axis of the pressure element, is smaller than the diameter D 
of the rod 100 to be accommodated. In a state shown in Fig. 
1, in which the pressure element 10 is inserted into the re- 

15 ceiver and in which the rod 100 is inserted, the rod 100 

protrudes by a distance or height S above the first end 12 
formed by the free end of the legs 15, 16. The height S 
preferably is from about 1% to about 7.5% of the diameter D 
of the rod for the usual dimensions of the polyaxial screw 

20 implant. 

The pressure element further comprises a central bore 
17 extending therethrough and the diameter of which is suf- 
ficiently large that a screw-in tool for engaging with a re- 
25 cess 18 provided in the head 2 can be passed therethrough. 

In addition, an inner screw 20 is provided as a closure 
element that has an outer thread 21 cooperating with the in- 
ner thread 9 of the legs 7, 8 of the receiver member and 
30 which is dimensioned such that the screw does not or does 

not substantially protrude above the receiver member in the 
screwed- in state when the screw 20 presses on the inserted 
rod 100. The inner thread 9 of the receiver is preferably 
dimensioned such that beginning from the free end of the 
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legs 7, 8 it does not extend substantially deeper than the 
upper edge of the rod when the rod rests on the bottom of 
the U-shaped recess of the inserted pressure element. 



5 In operation, first, the screw element is inserted into 

the receiver 3 until the head 2 contacts the spherical sec- 
tion 6. Then, the pressure element 10 is inserted and posi- 
tioned in such a way that the U-shaped recess 3 * of the re- 
ceiver member and the U-shaped recess 14 of the pressure 

10 element 10 correspond. In this state the screw element is 
screwed into the bone by means of a drive tool engaging the 
recess 18 in head 2. Thereafter, the rod 100 is inserted 
and the closure element, inner screw 20, is screwed into the 
receiver element to contact rod 100. After adjustment of the 

15 angular position of the polyaxial screw element relative to 
the receiver and adjustment of the rod 100, the inner screw 
20 is tightened to fix the rod and the angle of the screw 
element. Thus, at the beginning, the lower side of the in- 
ner screw 20 touches the rod only slightly whereby, between 

20 the lower side of the inner screw and the free second end 12 
of the pressure element, there is then a gap of the size S 
as shown in Fig. 1. At this time the legs 7, 8 of the re- 
ceiver can possibly be slightly splayed which is indicated 
by the arrows. At the time of final tightening of the inner 

25 screw 2 0 and of applying strong forces, the inner screw 2 0 
tends to escape the pressure acting on it and to tilt about 
the rod, however, it is hindered because its lower edge is 
supported by the free end 12 of one of the legs 15, 16 of 
the pressure element 10 forming an abutment against further 

30 forward movement of the inner screw 20. In that way the in- 
fluence of torsional forces at the time of final tightening 
is avoided and any further splaying of the legs of the re- 
ceiver is prevented. Therefore, it is also possible to ap- 
ply a higher torcjue at the time of final tightening and. 
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thereby, generate a high retention force without having an 
excessive splaying of the receiver legs 7, 8 or tilting of 
the inner screw 20. Therefore, a skipping of one turn of 
the thread of the receiver by the inner screw is prevented. 
5 In the final state in which the inner screw is completely 
screwed in, the inner screw fixes the rod and fixes via the 
pressure element and the rod also the head 2 . 

There is a desired advantage that the thickness of the 
10 wall of the receiver member can be reduced because this de- 
sign is more compact and the prevention of tilting of the 
inner screw at the time of tightening is highly safeguarded. 

In the embodiment shown in Figures 5 and 6, the implant 
15 in accord with the present invention is formed as monoaxial 
bone screw. In this embodiment, a shaft 1 having a section 
with a bone thread is rigidly connected to a receiver or 
holding member 30 for accommodation of the rod 100. The re- 
ceiver has a recess 31 with a U-shaped cross section, which 
20 is dimensioned sufficiently large that the rod 100 can be 

placed in and fits to the bottom of the recess. Due to the 
U-shaped recess 31, two free legs 32, 33 are formed which 
have an inner thread 34 adjacent to their free end, the in- 
ner thread cooperating with a corresponding outer thread 35 
25 of an inner screw 36 (the closure element) , which is to be 
screwed in between the legs for fixation of the rod 100. 

As shown in Fig. 5, the U-shaped recess 31 has a chan- 
nel width from the bottom until a height A which is slightly 
30 larger than the diameter D of the rod to be received such 

that the rod is displaceable into the channel formed by the 
recess. Adjacent to this region and starting from the 
height A until the free end of the legs 32, 33, the inner 
diameter of the receiver 3 0 is larger than the diameter of 
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the rod. Therefore, a shoulder or projection 37 is formed 
at the inside of each of the legs 32, 33, which forms an 
abutment for supporting the inner screw to avoid tilting 
thereof. The inward projection 37 can be formed, for exam- 
5 pie, as the undercut for the inner thread with a planar sur- 
face . 



The operation and function of the implant illustrated 
by the second embodiment is similar to the first embodiment. 

10 As shown in Fig. 6, the abutment 3 7 acts as a support in 

case of tilting of the inner screw 36 and offers a counter- 
force (indicated by the small arrow) against the edge of the 
inner screw, which prevents a distortion of the legs at the 
time of tightening. Therefore, the same effects are 

15 achieved as by the first embodiment. 



The invention has been described including the pre- 
ferred embodiments thereof. However, it will be appreciated 
that those skilled in the art may make modifications and im- 
20 provements within the spirit and scope of the invention. 



As such, various alternative modifications of the em- 
bodiments described are possible. For example, instead of 
the metric thread of the receiver member and the inner 

25 screw, a saw tooth thread, a thread having a load flank with 
a negative flank angle or a flat thread can be provided. 
The latter is characterized in that both flanks of the 
thread enclose an angle of 90^ with the screw axis. When 
using the thread forms as described, a splaying of the legs 

30 does not occur because there are no force components acting 
radially outwards. In spite of this, there is tilting at the 
time of final tightening of the inner screw and therefore 
torsional forces are produced which could lead to a deforma- 
tion of the thread of the outer flanks of the receiver mem- 
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ber. This is reliably prevented by using a structure in ac- 
cord with the present invention together with the thread 
forms as described above . 

The threads described can further be formed as right 
hand or left hand threads . 

The inner screw can be formed as sleeve -like part with 
an outer thread and can have a continuous slit or a partial 
slit in axial direction. 

Instead of the shaft having the bone thread, a hook can 
be provided. 
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